plasmaspheric refilling in the presence of equatorial transverse ion heating, on an L --4 field line. This transverse heating represented the effect of wave-particle interactions. The transverse heating results in a temperature anisotropy with T•. > T•, which can stop the interhemispheric plasma flo w for even moderate heating levels. This launches a shock wave, which propagates from the equator to the ionosphere from which the flow originated. Thereafter a quasi-steady state prevails. T.t is greater than Tii within i5 degrees of the magnetic equator, but at higher latitudes the anisotropy is reversed. The density profile has a broad maximum near the equator and minima at midlatitudes. There is also a local minimum right at the equator.
$ingh and Tort [1990] In this paper, results will be presented for plasmaspheric refilling on an L = 4 field line; these results were found by using a two-stream version of the plasmaspheric flow model, which we developed [Guiter et al., 1991] . This is a time-dependent hydrodynamic model in which the H* and O* continuity, momentum, and energy equations and the electron energy equation are solved along a closed dipole field line. The temperatures are assumed to be isotropic. The model includes the effects of ionization, charge exchange, recombination, collisions, and heat conduction and allows for external heat sources. Collisions with neutral species are included in addition to Coulomb collisions. Production and loss processes and heat flows are ineluded, in contrast to the model used by Singh and coworkers [Singh and Torr, 1990; Singh, 1991; Singh and Chan, 1992] . Photoelectron heating of thermal electrons and a neutral wind profile are assumed. Although neutral winds do not directly affect plasmaspheric density, they do affect the ionospheric density profile and thus indirectly the plasmaspheric density.
The ends of the model flux tube are at 200-km altitude, which is low enough so that realistic inflow boundary conditions can be used. For this work the initial density profile was similar to that used by . Improvements over previous studies include realistic ionospheric boundary conditions and the influence of O* streams (primarily as a source for H*) on plasmaspheric refilling. Results are presented from only the first hour of the calculation, because artificial shocks develop in each H* fluid by that time, due to the presence of counterstreaming flows within each fluid. However, interesting features develop in the ionospheric region, which has not been included in previous two-stream refilling studies.
Model
For this work the streams of both H + and O + from the conjugate ionospheres were treated as distinct fluids, with all flows assumed to be field aligned. Ions that originate from the conjugate hemisphere are called outflowing (out of the plasmasphere and into the neighboring ionosphere), whereas ions that originate in the given hemisphere are called intowing (into the plasmasphere from the neighboring ionosphere). The timedependent continuity, momentum, and energy equations for both streams of O + and H + ions were solved along a closed dipolar field line. However, the electron gas was treated as a one-stream fluid. Electron number density and velocity were found by assuming the plasma to be quasi-neutral and currentless. The electron energy equation was solved in order to obo tain the electron temperature. These equations were presented by Guiter and Gombosi [ 1990] . change significantly. From Figure 6 it can be seen that the increase of the electric field with time is partially offset by the increase in the downward density gradient force, so that the total force increases in only a limited altitude range. The result is that the velocity rises more in that altitude range, leading to the velocity spike. Figure 7 shows altitude profiles of electron and ion (southern streams) density at 20 min in the southern hemisphere. At this time the density profile for the southern stream of H + ions has a broad minimum centered at about 740-km altitude. This profile is similar to that found by Raitt et al. [1975] when there is strong upward flow out of the ionosphere, as there is in this case. This density structure steepens into a shock, which then moves upward.
By 30 mina shock has developed near the northern boundary and then moves upward. This can be seen in Figure 8 , which shows velocity and density profiles at 30 and 40 rain for the southern stream of H + ions. This develops as the velocity is slowed down (starting at about 20 min) in the northern hemisphere in the 400-to 500-km altitude range, first by friction with neutrals and then by the density gradient force (the density increases toward the boundary). The velocity is slowed down from a supersonic value, which means that a shock must form. By 40 min the shock strength has diminished somewhat, although it continues to move upward. Also, by 40 min the reverse shock in the southern hemisphere has developed into a forward shock, which propagates with a shock in the northern stream of H + ions. 
Summary
We have modeled plasmaspheric refilling following a density depletion on an L --4 field line, using a two-stream version of the plasmaspheric model we developed. The initial density profile was chosen to be similar to that of Rasmussen and Schunk [1988] . Initially, the upwelling streams pass through each other without being impeded. Electrostatic shocks are not set up when the streams meet at the equator because the stream velocities are highly supersonic with respect to the ion-acoustic speed. In addition, Singh [1990] has noted that electrostatic shocks are not likely to be set up in hydrodynamic models with grid spacings of the order of tens of kilometers, since the scale length for the relevant plasma processes is of the order of a few Debye lengths (-10 m). It should also be noted that perpendicular heating caused by wave-particle interactions in the equatorial region is not included. Such heating has been shown [Singh and Torr, 1990; Singh and Chan, 1992] At each base, ions are injected into the flux tube, with a velocity distribution that corresponds to the upgoing half of a nondrifting Maxwellian. Plasmaspheric refilling was studied on a variety of L shells, including L = 4. In each case the same sequence of events occurs. Initially, a polar wind type outflow from each ionosphere is present. Within an hour, two counterstreaming beams exist along the entire flux tube. The phase space gap between these two beams is filled in by collisional diffusion; when it has filled, the plasma is nearly isotropic and Maxwellian everywhere. What is most important, in view of the results presented in this paper, is that shock fronts are never produced, at the equator or any other point. Field-aligned' structures in the equatorial region from L = 3 to 5 have, however, been inferred from DE 1 observations, especially in the electron density and the H + density, temperature, and pitch angle distribution [Olsen et al., 1987; Olsen, 1992] . Limitations of our model include the restriction to isotropic temperatures and the inability to distinguish counterstreaming flows within one fluid. In some sense it is inconsistent to assume temperature isotropy when using a two-stream model, because if the collision frequencies are low enough so that the upwelling streams would not thermalize when they meet, then they are low enough for temperature anisotropies to be present. The inability to distinguish counterstreaming flows Within one fluid is a problem if there is a large return flux that is about equal in magnitude to the flux flowing into the conjugate hemisphere, since then an artificial shock could be formed. Such return fluxes occur after the density of an ion stream rises in the conjugate hemisphere and the density gradient force drives the ions back. The large shocks that form near the equator are probably artificial, although this may be due to cell size or time step problems rather than the reasons given above. However, despite these limitations we have shown that initially the two H* streams interpenetrate, and that interesting shock structures develop in the ionospheres and propagate upward.
